Background: The continuum of HIV care among black men who have sex with men (BMSM) continues to be the least favorable in the United States. BMSM are disproportionally HIV-infected-butunaware, despite expanded HIV testing efforts among this subgroup.
INTRODUCTION
Black or African American men who have sex with men (BMSM) continue to be the most HIV-affected populations in the United States. 1, 2 Despite the decline and stabilization of new HIV infections in recent years, BMSM have not benefited from this trend, who accounted for 1 of every 4 new HIV infections in 2016. 3 Given BMSM's disproportionate HIV risk, targeted prevention and treatment efforts are continuously needed to reduce HIV-related syndemics 4 and enhance pre-exposure prophylaxis uptake 5 as well as "test-and-linkage-to-care" among this high-risk subgroup. [6] [7] [8] Frequent HIV testing and knowledge of HIV serostatus is the premise before further biomedical interventions can follow [ie, antiretroviral therapy (ART) for HIV-positive patients; pre-exposure prophylaxis for HIV-negative patients]. 6, 9, 10 Frequent HIV testing, along with pre-test or post-test counseling, is also an important step to strengthen HIV awareness and safer sex skills to behaviorally reduce HIV risks. 11 Behavioral risk factors for HIV, such as condomless sex, elevated lifetime sexual partners, multiple concurrent partners, substance use before sex, and suboptimal HIV services utilization are common among MSM of various race/ethnicity. 12 Nonetheless, evidence suggests that the elevated HIV risk does not stem from the substantially risker portfolios among BMSM than that among MSM of other races. [13] [14] [15] [16] [17] In fact, BMSM are more likely than other groups to encounter individual (eg, poverty, low HIV awareness and depressive symptoms) 18 and contextual (eg, violence/stigma/ discrimination due to race, sexual orientation, and HIV in their living environments) 19 barriers to HIV testing, resulting in a higher proportion of HIV-positive BMSM who are unaware of their infections. 13, 20 BMSM with undiagnosed or found with late-stage HIV infection may remain untreated , 21 which fuels onward HIV transmission through condomless sex and poor HIV care engagement (ie, linkage-to-care, ART initiation, and viral suppression). 22, 23 The US Centers for Disease Control and Prevention (CDC) recommends at least annual HIV testing for high-risk populations (eg, MSM), with some experts highlighting that more frequent (eg, every 3-6 months) testing, may benefit individuals at elevated HIV risk. [24] [25] [26] However, studies have reported significant variations in HIV testing patterns among BMSM. A study in Baltimore, Maryland, reported as high as 74% of young BMSM had undiagnosed infection 27 ; whereas Carrico et al 28 found 93% of young BMSM had tested and were aware of their serostatus before study participation. In the 2014 National Health Behavior Survey (NHBS), approximately 75% of BMSM reported past-12-month HIV testing; however, other studies 29, 30 found only half of the BMSM participants tested in the last year. At the national level, the CDC estimates at least 20% of BMSM are living with HIV but are unaware of their infection. 3 To echo with the needs in strengthening HIV testing among BMSM, we conducted the first comprehensive metaanalysis of various HIV testing patterns and investigated particular contexts that can be inferred to improve HIV testing uptake among BMSM. Specifically, we meta-analytically summarized the prevalence (proportion) of HIV testing patterns and explored an array of study-level design as well as sociobehavioral characteristics that may explain the HIV testing heterogeneity among BMSM.
METHODS
The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA; see Supplemental Material 1, Supplemental Digital Content, http://links.lww.com/QAI/ B296) was used as the guideline to conduct and report the current meta-analysis. 31 
Literature Search Strategy
We comprehensively searched PubMed (MEDLINE), Web of Science, and PsycINFO for manuscripts, reports, conference proceedings, and dissertation/thesis published in English between January 1, 1996, and April 25, 2018. A logical combination of keywords and terminology for the search included "men who have sex with men" or "MSM" or "gay" or "homosexual" or "bisexual"; "HIV" or "human immunodeficiency virus"; "testing" or "test" or "diagnosis"; "black" or "African American" and were adapted to the search mechanism in each database (see Supplemental Material 2: search keyword for PubMed, Supplemental Digital Content, http://links.lww.com/QAI/B296). We also conducted crossreferencing by reviewing the bibliographies of included citations to identify potential references for consideration.
Selection/Exclusion Criteria
Studies were selected if they met the following criteria: (1) exclusively focused on or had a clearly defined subgroup of black/African American MSM; (2) reported HIV testing prevalence (as proportion), or had available data for direct calculation; and (3) were published in English and conducted in the United States. Because we were only interested in pooling HIV testing prevalence among BMSM living in the United States, we excluded studies that did not differentiate population subgroups (ie, no segregate data for BMSM) and included a mixed sample of transgender women/men or BMSM from other countries. We excluded studies that specifically targeted Hispanic, Caribbean, or multiethnic BMSM. We also excluded studies if they were a systematic review or meta-analysis, a qualitative study without relevant quantitative data, or intervention/randomized controlled trials without baseline or preintervention assessment of HIV testing prevalence.
Study Screening and Data Extraction
The titles and abstracts of all searched bibliographic records were initially screened for relevancy and duplication removal by 2 independent reviewers (Y.L. and C.Z.) before retrieving the full texts for further review. Reviewer discrepancies were discussed until agreement was reached, with a third reviewer (V.M.B.S.) as an arbitrator for unresolved disagreement. We also contacted the study authors if further clarification was needed or if full text was unavailable in our accessible databases. An experienced meta-analyst (Y.L.) reviewed the manuscripts and used a standardized form for data extraction, including source (author name, publication year), study period, setting (city, state), study type (eg, crosssectional, cohort, case-control), sampling/recruitment strategy (eg, convenience, venue-based, respondent-driven), population characteristics (eg, awareness of HIV status, age range or mean/median, aggregate socioeconomic characteristics, and risk behavior distributions), source of HIV testing data (eg, self-report vs. others), and patterns of HIV testing prevalence (lifetime, recent, or frequent HIV testing). All extracted data were audited by an investigator (C.Z.) for accuracy. 32 
Statistical Analysis
The primary outcome of interest was HIV testing prevalence. We assigned HIV testing patterns into 1 of the 3 categories: (1) lifetime HIV testing [ever tested (yes or no) before study participation]; (2) recent HIV testing [ever tested (yes or no) in the past 6 months, past 12 months, or past 24 months before study participation]; and (3) frequent HIV testing. We used the CDC expert-recommended HIV testing frequency (eg, every 3-6 months) to define our "frequent HIV testing" category. Therefore, frequent HIV testing patterns that fall in this frequency window were assigned to this group (ie, self-reported testing at least twice during the past 12 months, testing at least 3 times during the past 24 months, or testing at a frequency of every 3-6 months). 24 Because HIV testing was ascertained through self-report by the participants regarding their testing experiences before the survey in each included study, our categorization of "frequent HIV testing" does not make any temporal consistency assumption on their future frequent HIV testing uptake.
To account for the heterogeneity and generate a weighted-mean estimate of prevalence across all included studies, 32 we used the DerSimonian-Laird random-effects approach to pool the proportion and calculate the corresponding 95% confidence intervals (CIs). 33 We used the I-square statistics to quantify the between-study heterogeneity. 34, 35 We used visual inspection and the Egger test to assess the asymmetry of funnel plots to detect potential publication bias. 36 We also examined the residuals in relation to the corresponding standard error in the pooled analysis to identify potential outliers. 37 Subgroup analyses were conducted to assess whether lifetime and past-12-month HIV testing varied by selected study-level characteristics. The stratified variables included the following: year of study (we used 2013 as the cut-off because the US Preventive Services Task Force confirmed CDCrecommended annual HIV testing for MSM as a reasonable approach in 2013), 25 HIV status on inclusion (HIV-negative or status-unknown vs. a mixed sample of HIV-negative or statusunknown and HIV-positive participants), age inclusion criteria used in the original study ($18 years vs. #25 years vs. #30 years), sampling strategy [venue-based sampling (eg, bars, pubs, gay clubs), referral-based sampling, Gay/MSM community-based organization-based sampling (eg, MSMfriendly HIV service and care provision institutions), online/ social media sampling, and multiple convenience sampling], sample size [,300 vs. $300 (median)], and study site (cities with elevated HIV epidemics among BMSM and had available data for the current meta-analysis: Atlanta, Baltimore, Washington DC, New York City, Philadelphia, San Francisco, and Chicago). A modified meta-regression analysis 35 was conducted to assess the heterogeneous effect of aggregate-level sociobehavioral factors in HIV testing across studies. Specifically, our meta-regression explored the relationship between the prevalence of an interested factor and HIV testing among participants in each included study. The meta-regression and subgroup analyses were not performed for the past 24 months, past 6 months, or frequent HIV testing due to sparse data. We used Stata 14.0 (Stata Corporation, College Station, TX) to conduct all statistical analyses.
RESULTS

Search Results and Study Characteristics
Our search identified 1040 citations published between January 1996 and April 2018. After duplication removal (k = 332) and exclusion from title/abstract screening (k = 496; violation of at least 1 inclusion criterion), 212 studies were selected for full-text review screening, with 67 studies being retained for the meta-analysis (Fig. 1) . Of the 67 studies, sample size ranges from 22 to 3244. Twenty-two of the studies were conducted among youth or young adult BMSM (age range: . A majority of the studies were based in large US cities with elevated HIV epidemics among BMSM (ie, New York City, Atlanta, Philadelphia, Washington DC, Chicago, San Francisco, and Baltimore). All except 5 studies used cross-sectional design. Forty-four studies were based on a larger project/trial or national surveillance survey (eg, Young Men's Survey, NHBS, HPTN 061, Brothers y Hermanos, The UConnect Study, etc.). Regarding the sampling/ recruitment strategy, 24 studies used gay-frequented venuebased sampling; 16 studies used referral-based recruitment methods (ie, respondent-driven sampling, modified chainreferral, peer referral, and network-based referral); 5 studies recruited an internet-based sample of BMSM; 14 studies used multiple convenience sampling; 6 studies used gay-friendly organization-based recruitment, and 2 studies used HIV clinic database or clinic-based visit for recruitment. HIV testing history was assessed through self-report across all included studies, with 44 studies among HIV-negative or statusunknown BMSM, 22 studies among a mix sample of HIVnegative or status-unknown and HIV-positive BMSM, and 1 study among HIV-positive MSM only (see Supplemental Material 3, Supplemental Digital Content, http://links.lww. com/QAI/B296).
Meta-Analytical Summary of HIV Testing Prevalence
Our meta-analysis comprised a total of 42,074 BMSM pooled from 67 studies (98 findings). Of the 67 studies, 41 studies contributed 57 findings (pooled N = 20,222) to aggregate the prevalence of lifetime HIV testing [pooled prevalence = 88.2%, 95% CI: 86.2% to 90.1%]; 5 studies contributed 7 findings (pooled N = 835) to aggregate the prevalence of past-24-month HIV testing (pooled prevalence = 71.7%, 95% CI: 64.3% to 79.0%); 31 studies contributed 52 findings (pooled N = 18,253) to aggregate the prevalence of past-12-month HIV testing (pooled prevalence = 67.4%, 95% CI: 64.1% to 70.7%); 7 studies contributed 10 findings (pooled N = 13,165) to aggregate the prevalence of past-6-month HIV testing (pooled prevalence = 63.4%, 95% CI: 59.3% to 67.4%), and 11 studies contributed 16 findings (pooled N = 5202) to aggregate the prevalence of frequent HIV testing (pooled prevalence = 42.2%, 95% CI: 34.1% to 50.3%). A significant decreasing trend (P trend , 0.05) was seen from lifetime HIV testing to frequent HIV testing (see Table 1 and Supplemental Material 4, Supplemental Digital Content, http://links.lww.com/QAI/B296).
Heterogeneity, Publication Bias, and Outlier Assessment
High between-study heterogeneity was detected across studies in all groups of HIV testing: lifetime HIV testing (I 2 = 95.8%, P , 0.001), past-24-month HIV testing (I 2 = 74.4%, P = 0.002), past-12-month HIV testing (I 2 = 96.1%, P , 0.001), past-6-month HIV testing (I 2 = 95.5%, P , 0.001), and frequent HIV testing (I 2 = 97.2%, P , 0.001). Asymmetry was seen in the funnel plots across all HIV testing patterns (Fig. 2) . Nonetheless, the Egger test only suggested significant (P , 0.001) publication bias among studies used to pool the past-12-month HIV testing prevalence. Our residual analyses identified outliers among studies used to pool the lifetime 
Subgroup and Meta-regression Analysis
We did a stratified analysis of lifetime HIV testing and past-12-month HIV testing by selected study-level variables (Table 2 ). Several patterns converged for both types of testing were assessed. A higher pooled lifetime and past-12-month HIV testing prevalence was seen among studies that were conducted in 2014 or later, included a mixed sample of both HIV-positive and HIV-negative BMSM, used online/social media recruitment strategy, or had relatively smaller sample size (N , 300). Pooled lifetime and past-12-month HIV testing prevalence was lower among studies that purposively sampled younger BMSM (#25 years for inclusion).
The meta-regression results are shown in Table 3 . Studies with a greater proportion of BMSM aged 25 years or younger (borderline significant), who had $20k or less annual income, or had ever been homeless were more likely to report a lower lifetime or and past-12-month HIV testing prevalence. On the contrary, studies with a greater proportion of BMSM who were health insured or noninjection drug users were more likely to show a higher prevalence of lifetime and past-12-month HIV testing. Studies reporting higher prevalence of condomless receptive anal sex were associated with increased lifetime HIV testing prevalence; whereas greater proportion of condomless insertive anal sex was associated with increased past-12-month HIV testing.
DISCUSSION
To the best of our knowledge, this is the first comprehensive meta-analysis of HIV testing patterns among BMSM in the United States. We found a substantial decreasing trend from lifetime HIV testing (88%) to recent (eg, past-6-month, 63%) or frequent (eg, every 3-6 months, 42%) HIV testing. Our results were similar to a meta-analysis among 83,186 internet-using MSM in the United States, which found approximately 85% had ever tested and 60% had tested for HIV in the preceding year. 38 It is not uncommon to see higher HIV testing prevalence among BMSM compared with MSM of other racial subgroups. A study in a mid-western US city found smaller proportion of past-12-month HIV testing among Latino and non-Hispanic white MSM than among BMSM. 39 Another study among Grinder-based MSM in New York City reported substantially higher lifetime and recent HIV testing prevalence among BMSM compared with white or Latino MSM. 40 Nonetheless, evidence suggests that infrequent HIV testing is more common among BMSM as a result of intersectional stigma (eg, HIV, sexuality, and race), resulting in delayed HIV diagnosis, missed treatment opportunities, and unfavorable HIV care outcomes among this subgroup. [41] [42] [43] In the current study, less than half of the BMSM participants reported HIV testing on a frequent basis. Universal voluntary HIV testing and immediate ART (eg, test-and-treat), combined with present prevention approaches, Frequent testing denotes self-report HIV testing experiences that represent or can be translated to the frequency of every 3-6 months before the survey. *Including any of the 3 categories: (1) tested at least twice during the past 12 months; (2) tested at least 3 times during the past 24 months; (3) tested at a frequency of every 3-6 months.
†P for trend analysis shows a significant (P , 0.05) decreasing trend from the pooled proportion reporting ever testing for HIV to the proportion reporting any repeat HIV testing among participants in the reviewed studies.
I 2 , between-study heterogeneity with random-effect models to aggregate effect sizes when I 2 .25%; K, number of individual finding in the aggregated analysis; N, sample size; P24t, tested for HIV in the past 24 months; P12t, tested for HIV in the past 12 months; P6t, tested for HIV in the past 6 months.
is the cornerstone to maximize the benefit of "treatment-asprevention" strategy in reducing generalized HIV/AIDS epidemics. 44, 45 Strategies to promote repeated HIV testing are imperative for the success of HIV control among BMSM.
Our subgroup and meta-regression analyses revealed clues to help prioritize future HIV testing interventions among BMSM. We found studies that specifically targeted youth or young adult BMSM (age #25 years) who showed the lowest pooled prevalence of lifetime and past-12-month HIV testing. The meta-regression results also found that studies with a greater proportion of BMSM aged below 25 years were associated (borderline significant) with a lower prevalence of lifetime or past-12-month HIV testing. Although young black men who have sex with men may be more aware of different types of HIV testing services because of research-driven projects targeting this subgroup in recent years, 46 the time-evolving reasons that young BMSM are favorably adopting the testing services should be investigated. Our meta-regression further showed that low annual income (#$20,000), history of homelessness, and lack of health insurance were associated with a lower likelihood of having lifetime and past-12-month HIV testing among BMSM. The association between low socioeconomic status and suboptimal HIV care access has been shown in recent studies. 47, 48 Although efforts are continuously needed in reducing structural barriers and stigma among BMSM who are socioenvironmentally disadvantaged, future studies should also be innovative in mobilizing intrinsic motivation (ie, HIV testing self-efficacy) and decision-making (ie, behavioral economics) to meet the needs of those who may benefit the most from frequent HIV testing. [49] [50] [51] Finally, we found BMSM ever engaged in condomless receptive anal intercourse and condomless insertive anal intercourse were more likely to report past-12-month and lifetime HIV testing, respectively. A possible explanation would be that high-risk behavior may raise HIV risk perception and the use of HIV prevention services to reduce anxieties. Future HIV prevention programs should strategize risk perception education and sexual risk reduction, targeting BMSM during their routine HIV care visits.
The high lifetime HIV testing and low recent HIV testing prevalence should be interpreted with caution. Participants who are aware of their HIV-positivity before study participation would probably report ever testing for HIV. These individuals may not report recent HIV testing, especially when HIV infection was diagnosed before the interested timeframe in the survey (ie, individuals who were diagnosed HIV-positive 12 months before the survey uptake are unlikely to report any HIV testing within the past 6 months of study participation). Therefore, the proportion of HIV-positive participants in the study sample is likely to inflate lifetime HIV testing prevalence or underestimate recent HIV testing. We found more than half of the studies include both HIV-positive and HIV-negative or statusunknown BMSM to calculate HIV testing prevalence. Our subgroup analyses also revealed higher lifetime HIV testing prevalence among BMSM of mixed HIV status. Future studies should be attentive to the knowledge of HIV status before the study when assessing various HIV testing patterns.
Our meta-analysis also identified several research gaps of HIV testing among BMSM. First, we found surprisingly few studies published in 2014 and after that targeted BMSM to specifically assess HIV testing, highlighting an urgent need of conducting up-to-date research of HIV testing among BMSM. Second, more than half of the included studies were secondary data analyses from a larger trial or survey (eg, HPTN 061, NHBS); few were specifically designed to study the epidemiology of HIV testing or to test the efficacy of an HIV testing intervention. Third, the instruments for assessing HIV testing patterns are universally singular; most studies used binary or categorical assessment, whereas few assessed 53 More research in these regions is needed to address the HIV risk and care disparity among BMSM. The results and implications of this study should be interpreted in light of their limitations. First, our meta-analysis is vulnerable to the impact of social desirability bias that occurred in each included study, which may predispose BMSM to over-report HIV testing frequency and underreport risk behaviors. This bias may potentially inflate the pooled HIV testing prevalence and the protected effect of HIV testing in reducing risk behaviors. Second, our meta-analysis is subject to high heterogeneity across studies of different designs, settings, as well as sociobehavioral characteristics among the study participants. Third, owing to the limited quantity of eligible studies and sparse data in certain subgroups, residual heterogeneity cannot be fully assessed or interpreted. There were also too few data to allow subanalyses of various types of HIV testing (eg, HIV self-testing, home-based testing, and community-based HIV testing). Some meta-analytic findings were only based on a small set of studies (ie, past-6-month testing, frequent HIV testing, and subgroup by locations). Although the present meta-analysis reflects a noteworthy signal, causal inference cannot be drawn. Fourth, because measurement and categorization of any given variable may vary across studies, we had to make arbitrary grouping to increase the subgroup size for the meta-regression, which may also impact on the heterogeneity and generalizability. Finally, publication bias was present among studies used to pool the past-12-month HIV testing, indicating studies with a lower past-12-month HIV testing prevalence tend to be more likely to be published. This publication bias may thus result in a lower pooled past-12-month HIV testing prevalence in the published studies. Nonetheless, our trim-and-fill analysis did not reflect a significant impact. 54 Despite these limitations, our study comprehensively summarized evidence across various HIV testing patterns in BMSM and revealed important prevention-intervention gaps. Achieving the 90-90-90 UNAIDS goal among BMSM is particularly challenging in many contexts; improved case finding is the priority. 55 Despite the widely implemented HIV testing campaigns among BMSM, frequent and regular HIV testing remains a substantial challenge in this subgroup. Future studies should focus on developing programs that are sustainable in engaging BMSM for frequent HIV testing and subsequent linkage to biomedical prevention or treatment. 
